A variation of the Needleman--Wunsch algorithm [7] is used for global profile alignment, as carried out by the "AlignProfiles" function in the DECIPHER software. First, anchors to reduce the dynamic programming matrix are automatically calculated based on ordered 7--mers for amino acid sequences. The two sequence sets being aligned must share a minimum fraction of exact matches (by default 70%) in order for a position to be used as an anchor. Likewise, the dynamic programming matrix is reduced in size by automatically restricting the set of possible tracebacks to paths that have reasonably high scores. This effectively avoids the corners of the dynamic programming matrix that are very unlikely to be used during the traceback step. Reducing the "alignment space" in this way is designed to make computation more time and memory efficient on long sequences without altering the results. In practice these heuristics work well unless the input sequences have substantially different lengths, in which case the user can adjust the "anchor" or "restrict" input parameters. Filling the dynamic programming matrix is performed using a version of the profile sum--of--pairs (PSP) function [5] . The function has been modified to incorporate secondary structure probabilities from step 1:
In the above equation, x and z are positions in the two sequence profiles being aligned, fG is the fraction of gaps, fi is the normalized fraction of amino acid i in the profile position, Sij is the substitution matrix score for aligning amino acid i and j, pi is the secondary structure probability of state i, and HECij is the score for aligning two secondary structure states. By default, DECIPHER uses the MIQS substitution matrix [8] for Sij. In determining fG, fi, and pi, the sequences are weighted according to their divergence on the guide tree to account for uneven sampling [9] . The model of gap costs is based on the empirical observation that gap lengths are best approximated by a Zipfian distribution [10] . Therefore, the penalty for extending an open gap by another position is proportional to the length of the gap raised to a power (by default --1), as has been described previously [11] . Furthermore, gap opening and extension cost are varied linearly according to the divergence between the two sequence profiles being aligned [9] . In this way, the cost for a gap is more negative (costly) for closely related sequences than it is for divergent sequences. The baseline cost for opening a gap is adjusted according to the surrounding residues as specified by the model of gap placement:
Where GOi is the cost of opening a gap at position i, GO is the baseline gap opening penalty, f(i+k)j is the normalized fraction of amino acid j in position i + k, and Gkj is the log--odds (in third--bits) of observing amino acid j at position k (Table S1 ). In step 3, the hamming distance between each pair of sequences is re--computed based on the alignment generated in step 2. A new UPGMA guide tree is constructed and the sequences are progressively realigned. In this step realignments are only necessary when the first and second trees differ below a node [5] . Iteration in step 3 results in a modest improvement over step 2, but this effect is subject to diminishing returns. Therefore, by default DECIPHER performs one iteration in step 3, although this can be adjusted by the user with the "iteration" parameter. In step 4, the alignment is refined by splitting all of the aligned sequences into two sets at an edge of the guide tree and realigning both profiles [5] . This process results in two (oftentimes different) alignments, and the alignment corresponding to the highest sum--of--pairs score is kept. DECIPHER splits the original alignment at all edges of the UPGMA tree separating groups of sequences with greater than 70% (for amino acid sequences) average distance. This effectively realigns groups of sequences that are particularly difficult to align, and where the original alignment order may have been ineffective. By default the refinement process occurs once, although minor improvements may be observed by setting the "refinements" parameter to a number greater than 1 (the default). Figure S1 . Secondary structure parameters are robust to the available training data. The six values in the secondary structure matrix were trained on 238 reference sets of HOMSTRAD--mod, or half of these sets (119). The mean Q--score was calculated for each set of parameters using the remaining 598 reference sets that were not used in parameter training. The results were nearly identical for both training sets, differing by a maximum of 0.4%. This result indicated that the six parameters in the secondary structure matrix were not over--trained on the HOMSTRAD--mod dataset. Figure S2 . Likelihood of a gap opening at various positions around a pattern beginning at position zero. In pairwise alignments, gaps were substantially more likely to start before runs of three residues (e.g., AAA) or longer in the sequence without (w/o) the run. Gaps were much less likely to begin immediately after the start of a run in the opposing sequence (e.g., AAA/A----). Heteropeptide repeats of periodicity 2 (e.g., ACAC) to 6 showed a much smaller effect on the likelihood of a nearby gap opening. The discontinuity in the line for the sequences with the pattern exists because, by definition, a gap cannot be the start of a sequence pattern. Figure S3 . Modeler (M) score [12] relative to DECIPHER for Clustal Omega [13] , MAFFT [14] , MUSCLE [5] , PASTA [15] and PROMALS [16] on HOMSTRAD--mod (H-mod) and PREFAB--mod (P--mod). Figure S4 . Total column (TC) score relative to DECIPHER for Clustal Omega [13] , MAFFT [14] , MUSCLE [5] , PASTA [15] , and PROMALS [16] on HOMSTRAD--mod (H-mod) and PREFAB--mod (P--mod). Figure S5 . Cline shift--score (S) [17] relative to DECIPHER for Clustal Omega [13] , MAFFT [14] , MUSCLE [5] , PASTA [15] , and PROMALS [16] on HOMSTRAD--mod (H-mod) and PREFAB--mod (P--mod). Figure S6 . Q--score relative to DECIPHER for Clustal Omega [13] , MAFFT [14] , and MUSCLE [5] on the original (P--unmod) and modified (P--mod) PREFAB [18] reference sequences with an increasing number of total input sequences. Table S1 . Log--odds (units of third--bits) of observing different amino acids near a gap in the One Gap Database [10] . 
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